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u Introduction
Thank you for purchasing the FLXATM402 4-Wire Converter.
This Instructor’s Manual contains all essential information for the user to make full use of 
FLXA402.
Please read the following respective documents before installing and using the FLXA402.
The related documents are listed as follows.

General Specifications
Contents Document number Note

FLXA402 4-Wire Converter GS 12A01F01-01EN Online manual
“EN” in the document number is the language code.

User’s Manual
Contents Document number Note

FLXA402 4-Wire Converter  
Start-up and Safety Precautions IM 12A01F01-01EN Attached to the product (printed manual)

FLXA4024-Wire Converter  
Installation and Wiring IM 12A01F01-02EN Online manual 

FLXA402 4-Wire Converter 
Operation of Converter IM 12A01F01-03EN Online manual

FLXA402 4-Wire Converter 
Operation of pH/ORP IM 12A01F02-01EN Online manual

FLXA402 4-Wire Converter  
Operation of SC IM 12A01F03-01EN Online manual

FLXA402 4-Wire Converter  
Operation of ISC IM 12A01F04-01EN Online manual  (This manual)

FLXA402 4-Wire Converter  
Operation of DO IM 12A01F05-01EN Online manual

“EN” in the document number is the language code.

An exclusive User’s Manual might be attached to the products whose suffix codes or option 
codes contain the code “Z” (made to customers’ specifications). Please read it along with this 
manual.

Technical Information
Contents Document number Note

FLXA402 4-Wire Converter 
HART communication TI 12A01F01-61EN Online manual

FLXA402 4-Wire Converter 
MODBUS communication TI 12A01F01-62EN Online manual

“EN” in the document number is the language code.

You can download the latest documents from our website. Scan QR code.
http://www.yokogawa.com/an/flxa402/download/

Media No.IM 12A01F04-01EN 2nd Edition : July 2019 (YK)
All Rights Reserved Copyright © 2018, Yokogawa Electric Corporation
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n Notes on Handling User’s Manuals
• Please provide the user’s manuals to your end users so that they can keep the user’s 

manuals for convenient reference.
• Please read the information thoroughly before using the product.
• The purpose of these user’s manuals is not to warrant that the product is well suited to any 

particular purpose but rather to describe the functional details of the product.
• No part of the user’s manuals may be transferred or reproduced without prior written 

consent from YOKOGAWA.
• YOKOGAWA reserves the right to make improvements in the user’s manuals and product at 

any time, without notice or obligation.
• If you have any questions, or you find mistakes or omissions in the user’s manuals, please 

contact our sales representative or your local distributor.

n Drawing Conventions
Some drawings may be partially emphasized, simplified, or omitted, for the convenience of 
description.
Some screen images depicted in the user’s manual may have different display positions or 
character types (e.g., the upper / lower case). Also note that some of the images contained in this 
user’s manual are display examples.

n Composition of this User’s Manual
FLXA402, a modular-designed converter, is a multi- parameter instrument offering a wide 
range of measurement choices; such as: pH/ORP (oxidation-reduction potential), Resistivity/
Conductivity (SC), Inductive conductivity (ISC), Dissolved Oxygen (DO) – with the respective 
sensor module.
For specification of SC, see GS 12A01F01-01EN.
This user’s manual contains general description and precautions of the instrument.
The table below shows user’s manuals to read concerning the instrument’s operation, 
configuration, or calibration, which vary depending on its installation, wiring, and specification of 
each instrument.

Contents pH/ORP
SENCOMTM SA

Contacting 
conductivity (SC)

SENCOM SA
Inductive 

conductivity (ISC)
Dissolved oxygen 

(DO)

Introduction and 
general description IM 12A01F01-02EN

Wiring and installation IM 12A01F01-02EN
Converter operation 
(Setting, Calibration) 
Maintenance, 
Troubleshooting

IM 12A01F01-03EN 

Sensor operation 
(Setting, Calibration) IM 12A01F02-01EN IM 12A01F03-01EN IM 12A01F04-01EN IM 12A01F05-01EN

n Trademark Acknowledgments
• FLEXA, FLXA, SENCOM and FieldMate are trademarks or registered trademarks of 

Yokogawa Electric Corporation.
• All other company and product names mentioned in this user’s manual are trademarks or 

registered trademarks of their respective companies.
• We do not use TM or ® mark to indicate those trademarks or registered trademarks in this 

user’s manual.

https://web-material3.yokogawa.com/GS12A01F01-01EN.pdf
https://web-material3.yokogawa.com/IM12A01F01-02EN.pdf
https://web-material3.yokogawa.com/IM12A01F01-02EN.pdf
https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
https://web-material3.yokogawa.com/IM12A01F02-01EN.pdf
https://web-material3.yokogawa.com/IM12A01F03-01EN.pdf
https://web-material3.yokogawa.com/IM12A01F04-01EN.pdf
https://web-material3.yokogawa.com/IM12A01F05-01EN.pdf
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n Terminology
sensor(s):   sensors, sensors with SA11, sensor module(s)
SENCOM SA    SA11, SENCOM Smart Adapter or “-S5” (SENCOM SA) of 1st or 

2nd input
analog sensor (module)   selectable sensors when -P1/-C1/-C5/-D1 is specified for 1st or 

2nd input, e.g. SC4AJ, SC8SG, SC210G
NE107:     NAMUR NE107 

see the section 4.7 Error settings in IM 12A01F01-03EN 
Operation of Converter

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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1. Sensor Menu Outline
Main/Home screen >  “Sensor menu”. > “Detail”,  “Calibration”, “Setting” are available. 
The operation is secured by password. See IM “Operation of Converter”.

Sample image of “Sensor menu”

n Sensor detail
On Sensor menu, tap  “Detail”. Read 2.1.

 
Figure 1.2 Sample image of “Detail”(Sensor menu>Detail)

n Calibration
On Home/Main screen, tap . On Sensor menu, tap  for calibration of sensors.

 
Figure 1.3  Sample image of Calibration

For information on calibration of sensors, see Chapter 4.

n Wellness reset
Go to Sensor menu> tap . Read 2.3.

n Sensor reset
On Sensor menu, tap . Read 2.4.
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n Configure sensor
Converter menu or Sensor menu >  “Setting”
Go to Converter menu to configure the setting of converter such as mA output, display setting. 
Go to Sensor menu to configure the sensor related setting such as calibration setting.

 
Figure 1.4 Sensor configuration (parameter list) 

Select a parameter to change. The parameter becomes highlighted.To overwrite the data, tap  
Read Chapter 3 about sensor configuration.
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2. Sensor menu
Main screen  > Sensor menu
The following operation are available.
 Detail (details on sensors) 
 Calibration (sensor calibration)
 Setting (sensor setting)
 etc.

3.1 3.2 3.3

3.53.4

Figure 2.1 Sensor menu (sample)



  <2. Sensor Menu> 2-2

IM 12A01F04-01EN 2nd Edition : July 01, 2019-00

2.1 Details
Go to Sensor menu > “Detail”  to check detailed instrument information (instrument information 
such as setup, sensor diagnosis, calibration, and module production number) through a transition 
of screens.
In case of trouble, when you contact Yokogawa service, please inform us of the module and 
FLXA402 software revision displayed on the Detail and module production number, revision 
number indicated on the nameplate attached to the instrument.

*1
*2

Figure 2.2 Sensor menu flow chart
*1: “----”is displayed, depending on a measurement status.
*2: The number of log page goes as many as the connected sensors.
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n Measurement value

l c.c. (factory)
This parameter displays the cell constant. (factory setting)
The cell constant (factory setting) is determined by factory calibration made during sensor 
manufacturing. This value can be set in Configure sensor > c.c. (factory)
The cell constant is indicated on the sensor or cable label.

l c.c. (adjusted)
This parameter displays the cell constant (adjusted).
The cell constant (adjusted) has been calibrated and is set by calibration action.
When the system’s cell constant is adjusted on-line by calibration using a process solution or 
buffer solution, a new cell constant is logged here. 
The difference between this value and the default value set at factory shipment should not be 
large. Should it be large, check and be sure there is no broken or contamination.

l Temp. comp. 1
This parameter shows the temperature compensation method for 1st measurement. The setting
is made in Setting > Measure setting >SC1 sel./comp.

l Temp. comp. 2
This parameter shows the temperature compensation method for 2nd measurement. The setting
is made in Setting > Measure setting >SC2 sel./comp.
2nd measurement does not imply that two measurements can be made individually, but it means
that two types of compensation methods can be configured, which enables two phases to be 
monitored accurately in the same process. For instance, the switching between process and 
washing solutions can be monitored.

l Sensor Ohms
Non-compensated resistivity of sensors

n Sensor wellness
Sensor wellness shows the soundness of a module. The larger number of n appears in 
each gauge, the more sound the parameter concerned is. A gauge is indicated for only those 
parameters whose sensor wellness setting is “enabled, “while a bar (----) is displayed if the 
sensor wellness setting is “disabled.”
When analog sensor module is in use, if Impedance measurement (A) is set to “Disabled”, “----”is 
displayed, even if Impedance wellness is “Enabled”.
For Sensor wellness, go to Sensor menu > Configure sensor > Wellness settings
See 3.4 for the details.
When a sensor or an electrode is exchanged or replaced, sensor wellness data should be reset. 
Use Reset welness in Sensor menu.        See 2.3.
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n SENCOM Sensor status
The status of the sensor is displayed.

l Max temp. exposed
Displays the maximum temperature, which is automatically updated every time a higher 
temperature is measured.

l Sterilization
Displays the number of times the temperature remains above the preset value for at least the 
prescribed time period (min.).  
Go to Sensor menu > Configure sensor > Wellness settings > Define SENCOM status
An example of sterilization

User-defined sterilization time

User-defined 
sterilization 
temperature

Time
(min)

Temperature (°C)

a b c

Figure 2.3 Sterilization

a: does not count, because the length of time that the temperature exceeds the sterilization 
temperature is shorter than the length of sterilization time.

b: counts, because the length of time that the temperature exceeds the sterilization 
temperature is longer than the length of sterilization time.

c: counts, because the length of time that the temperature exceeds the sterilization 
temperature is longer than the length of sterilization time.

 If the temperature exceeds the sterilization temperature longer than the length of 
sterilization time consecutively, the event counts as one.

The last time when the event counts is displayed as a last sterilization date/time.

Counter indicates a maximum of 9999. After the counter reaches the maximum, if the 
requirements to count is satisfied, the data of last sterilization date and time is updated.

l High temp 1 total, High temp 2 total, Last date of High temp1/temp2, 
To define the temperature of “High temp 1” and “High temp 2”, go to Sensor menu > Configure 
sensor > Wellness settings > Define Sencom status
The total length of time that the measured temperature exceeds the defined High temp 1 or High 
temp 2.
Displays the total time during which the temperature remains over the high temperature 1 or 2. 
The last date and time (the end of high-temperature condition) is displayed as the “last date. “Up 
to 10 years (87600 hours) can be counted. Even after that, the “last date” is updated if the event 
meets the conditions.
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n Predict. maintenance
l Last calibrated at 

Date on which the last sensor calibration was performed. The displayed value of “ c.c.(adjusted)” 
is renewed to the date and time of last calibration.

l Calibration due at
Date when the calibration must be done next according to the settings of the calibration interval. 
To set the calibration intervals, go to Sensor menu > Calibration settings > Limits and timing 
>Calib. interval. See 3.3.3 for details.

l Projected maintenance
The projected maintenance function predicts the date when the sensor unit will need recalibrating 
for maintaining measurement accuracy. The function checks contamination level of sensors by 
monitoring after-calibration constant cell. Clean the sensor before the predicted date.

Projected maintenance date is displayed in a format of projected maintenance(status).
As shown in the figure below, the date is predicted based on the intersection point of the upper or 
lower limits and the extrapolated line of the values obtained by the least squares method.

Day

Impedance 2

Value
Lower limit

Upper limit

Current
date

Projected
maintenance date

Figure 2.4 Projected maintenance
The status shows the certainty of the projected maintenance date in terms of the correlation 
coefficient R. Table 2.1, Table 2.2 shows pattern of the projected maintenance date, status.

Table  Display pattern of the projected maintenance date

Projected 
date ---- 0-1 month 1-3 months 3-6 months 6-12 months Over 1 year

- - : not predictable due to insufficient data

Table  Display pattern of the status

Status (- - - - -) (Poor) Reasonable) (Excellent)
Criteria (R < 0.50) (0.50 ≤ R < 0.70) (0.70 ≤ R < 0.85) (0.85 ≤ R < 1.00)

n ISC module
This screen enables operators to check the module Serial No., Hardware Rev, Software Rev.

n Converter log, Sensor log
Same as Converter log in IM -Operation of Converter. See “Converter log” in IM “Operation of 
Converter.”
Same display as on the converter “Detail”. 
See 3.1 in IM 12A01F01-03EN Operation of Converter.

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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2.2 Calibration
Sensor menu > Calibration . Read Chapter 5.

Figure 2.5 Calibration selection

If you have a password, a prompt dialog box appears to input your password. After the password 
is verified, the page shifts to Calibration. 
For password, see 5.4 in  IM 12A01F01-03EN Operation of Converter.

2.3 Reset wellness
Sensor menu > Reset wellness  
A dialog box appears to ask if you want to reset sensor wellness data.
 Yes: the wellness is reset
 No-: the reset will not take place. The page switches to Sensor menu.

If you created a password, a prompt dialog box appears to input your password. After the 
password is verified, a dialog appears to confirm if you want to reset. For further information on 
password, read IM-Operation of Converter. 

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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2.4 Reset 
Sensor menu > Reset 
The screen jumps to Load SC config. File screen.
While Wash is in progress, “Reset” is invalid. Even if you tap the icon, you will not jump to the 
sensor reset screen.

Figure 2.7 Sensor reset

In the box of File name, name of defined sensor config. file to load is displayed, after sensors 
connected are automatically detected. You cannot change the file name.
If you tap “Execute”, the loading starts. When the loading ends, you will return to Sensor menu.
If you create a password, a prompt dialog box appears to enter the password. After the password 
is verified, Sensor reset screen appears. 
For password, see 5.4 in  IM 12A01F01-03EN Operation of Converter.
If you go to Sensor reset screen, mA output becomes HOLD, and contact output keeps the 
current status.

2.5 Sensor settings
Sensor menu > Sensor setting  
When Wash is in progress, the character row is displayed in color. You cannot move to Sensor 
settings.
For further information on sensor settings, read chapter 3.

Figure 2.8 Sensor settings

If you create a password, a prompt dialog box appears to enter the password. After the password 
is verified, Sensor setting is displayed.
For password, see 5.4 in  IM 12A01F01-03EN Operation of Converter.
If you go to Sensor setting, the mA output becomes HOLD, and contact output keeps the current 
status.

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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3. Sensor setting
When you configure each setting, fill in User setting table we provide, and keep it in safe place.
Download the user setting table from our website below.
http://www.yokogawa.com/an/flxa402/download/

Configure sensor setting
Go to Main screen > Sensor menu > Sensor setting
You can confirm or edit the setting. When you go to Sensor setting, mA output becomes HOLD, 
and contact output keeps the current status.

Figure 3.1 Sensor menu to Sensor setting

To know how to confirm or edit the settings with parameters, refer  IM 12A01F01-03EN Operation 
of Converter.
In the parameter list of Sensor setting, parameters with (A) or (S) represent (A) for Analog sensor 
module, (S) for exclusively SENCOM SA.
You cannot configure parameters which do not apply to the sensors to be used.
When you configure sensor setting and save the data, a dialog box appears to notify the 
operation is in progress. If you succeed the configuration, you will return to parameter list, and if 
fail, a fail dialog appears.

http://www.yokogawa.com/an/flxa402/download/
https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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3.1 Configure sensor
Configure the setting of sensors, which connects to FLXA402.

3.1.1 Sensor setting

n Measuring unit
Either /cm or /m can be chosen here.
The process values will be expressed in S/cm or S/m in conductivity mode.

n c.c. (factory)
The cell constant given at factory shipment is set. The cell constant is indicated on the sensor 
nameplate.
When a new sensor is connected, set the new cell constant which is indicated on the sensor.
When a cell constant is changed, a calibrated cell constant (c.c. (adjusted)) will be the same 
value of the new cell constant (factory) after resetting an old one.

3.1.2 Temperature settings

n Temp. element
Select the temperature element used for compensation from among Pt1000 or NTC30k. Select 
the same type of temperature element as is actually connected.

3.1.3 Others

n MODBUS address (S)
You can change MODBUS address only when SENCOM SA is in use.

3.2 Measure setting
Set parameters for measurement. 

3.2.1  Method (SC)
Select a temperature compensation method for SC main parameters.

n Conductivity
Temperature compensation method :  SC1 (Temp. comp. 1), SC2 (Temp. comp. 2)
● SC1 sel./comp.:   Cond. (Uncomp.), Cond. (TC1), Cond. (NaCl), Cond. (Matrix1) 

● SC2 sel./comp.:  Cond. (Uncomp.), Cond. (TC2), Cond. (NaCl), Cond. (Matrix2)Resist. 

l Temp. compensation
Select a method of temperature compensation from “Uncomp.”, “TC”, “NaCl”, “Matrix”. “Uncomp.” 
does not call the temperature compensation.
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● TC
 This method uses the linear compensation function.
 For how to calculate a temperature coefficient of the compensation function,  

see “n Temperature compensation” on page App.1-1
● NaCl
 This method uses the standard temperature compensation function with NaCl solution.
 For details, see “n NaCl (standard temperature compensation)” on page App.1-1
● Matrix
 This method uses the temperature compensation matrix, which is a table of the conductivity 

values at different temperatures and concentrations for a specific solution. The measured 
conductivity is compensated based on this matrix to the conductivity at the reference 
temperature.

 Prepared matrixes and user-defined matrixes can be used. Two different user-defined 
matrixes are available.

 For details, see “l Matrix” on page App.1-4
Note: The value of reference temperature “Tref”, which is defined in Matrix is used to compensate reference temperature only when 

“User defined 1”or “User defined 2” are used. Note that the “Tref” is not used for temperature compensation. 
When the measured temperature or the precompensated conductivity is out of the range, the 
temperature compensation error (warning) will be issued. This is not a device error.
For more details, see “n Temperature compensation error” on page App.1-9

NOTE
The temperature compensation is not performed around zero conductivity. In this case, a warning 
may be issued.



  <3.  Sensor Setting> 3-4

IM 12A01F04-01EN 2nd Edition : July 01, 2019-00

n Concentration
Concentration can be calculated from conductivity (SC1).
Concentration-TC1 allows two method of conversion “Temp. comp. matrix” or “Table and SC1.” 

• By using the temperature compensation matrix
  The concentration can be obtained from the temperature compensation matrix 

(based on the relation between the conductivity at the reference temperature and the 
concentration).

 Sensor menu > Configure sensor > Measure setting > Matrix > Select Matrix 1/Matrix 2
  When the other compensation method such as NaCl, TC is selected instead, 

Temperature compensation is not detected properly.
  On Matrix 1/Matrix 2, specify a solution to use or define “User defined 1” / “User defined 

2”.(see 3.2.3)
  When conductivity is around zero, the temperature compensation fails with “Temp 

comp1 or 2 warning”. For further information, see IApp.1-10 n this case, the concentration is 
displayed “---”.

• By using the additional concentration table
 See 3.2.4 for the concentration table.
Concentration-TC2 uses the temperature compensation matrix. For “SC2 sel./comp.”, select 
“Matrix.”
You can output or display each value of SC1, SC2, Concentration-TC1, Concentration-TC2, 
which are calculated based on the temperature compensation method you select by following the 
direction of this chapter. See IM 12A01F01-03EN Operation of Converter for details.

3.2.2 Temperature settings

n Unit
You cannot change the configuration here. To configure the setting go to 
  Converter menu > Setting > Advanced setting > Other setting

3.2.3 Temperature compensation
See 3.2.1 Method (SC).

n Temp. compensation
Three methods can be used: Automatic, Manual, External input. 
Select  Automatic: when a temperature element is used
 Manual: when a manually set temperature is used
 External input: when mA input to the converter is used.
When mA input is used, go to
 Converter menu > Settings > mA input settings (Ad) > Type > Temperature 
  Configure the setting before using the converter to comply with the specification of each 

external devices.

NOTE
When Manual is selected on the Temperature compensation, a process temperature should be 
set in the “Manual temp.” This process temperature you entered is shown on the Main/Home 
screen.

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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n Manual temp.
When Manual is selected on the Temperature compensation, a process temperature should be 
set in the “Manual temp.”

n Reference temp.
Set a reference temperature to which the measured value must be compensated. Normally 25°C 
is used, so this temperature is chosen as the default value.

NOTE
Reference temperature here is used when the temperature compensation is “TC”, “NaCl”, “Matrix 
(specific solution)”.
If the method of temperature compensation is Matrix User-defined 1 or User defined 2, the 
measured value is compensated by using the “Tref” value which is programmed in Matrix.

n Temp. coeff
Set Temperature compensation coefficient (TC) by %/ºC.
See App. 2-1 about how to calculate temperature coefficient.

n Matrix
Configure the setting of temperature compensation matrix. For how to use prepared Matrix table 
for specific solution, “User-defined 1”, “User-defined 2”, see “l Matrix” on page App.1-4

3.2.4 Concentration table
Conductivity can be converted to concentration and output or displayed. To convert the 
concentration by using the concentration table, select “Table and SC1” at “Concent1 sel./comp.” 
Concentration-TC2 allows only Matrix but not concentration table.

n Unit
Select the concentration display units from among %, ppm, ppb, and ppt. Changing the unit will 
not result in a re-calculation of the table. Reenter values in the additional concentration table.

n Converter table
The table shows the relationship between conductivity and concentration of compounds 
dissolved in solutions at reference temperature.
Don’t leave any fields blank on the table. The table has to show monotonic increase or decrease. 
If any entry fails, an error message pops up. FieldMate helps you to fill in the table automatically.
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3.2.5 High/Low alarm setting
Alarms from sensors are sorted out to “Device fail”, “Device status”, “Measure alarm”, “Sensor 
status”. Setup High/Low alarm setting of main measurement value on Measure alarm.
For details on alamrs, see 4.7 in IM 12A01F01-03EN Operation of converter.

Parameter Reason for alarm Setting range Default
Temp. warning high limit Temp. too high. -20.0 to 140.0 [°C] 140.0 [°C]
Temp. warning low limit Temp. too low. -20.0 to 140.0 [°C] -20.0 [°C]
Cond. warning high limit Conductivity too high 0.0 to 500.0 [S] 1.000 [S]
Cond. warning low limit Conductivity too low 0.0 to 500.0 [S] 0.000 [S]

NOTE
When setting the alarm limits of “Conductivity too high” and “Conductivity too low,” enter values 
from the folllwing equation:
Divide the conductivity value to be used as a limit value by the cell constant of the sensor used: 
(conductivity / cell constant). 

https://web-material3.yokogawa.com/IM12A01F01-03EN.pdf
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3.3 Calibration settings
3.3.1 Limits and timing

n Air adjust limit (A)
To avoid cable influences on the measurement, a “zero” calibration with a dry sensor may be 
done. 
To eliminate the capacitive influence of the cables, use dry sensor for zero calibration. When 
BA20 terminal junction box and WF10J extension cable are used, carry out the zero calibration 
while these are being connected.
As the calibration is performed in air the resistivity is infinite (open connection). Higher 
conductivity values than the air adjust limit indicate the cell is not in air or is still wet. To prevent 
wrong air calibrations a limit must be given here.

n Adj c.c. high/low limit
High/Low limit of the cell constant expressed as a % of the nominal value. During calibration this 
value is used to check if the calibrated cell constant remains within reasonable limits.

3.3.2 Cal. Set others

l Step Range
Set the range over which the stability of a measured value is checked. If variations of a measured 
value over the stabilization time are within this setpoint, the measured value is judged to have 
stabilized.

l Stabilization time
During calibration, the stability of the ORP value is constantly monitored. When variations of the 
ORP value are within a value set in Step Range over this stabilization time set here, the value 
is regarded as being stable. If the ORP value does not stabilize within 10 minutes, calibration is 
aborted.

l Calibr. interval
Set the interval in which a new calibration must take place. If the interval set here is exceeded, 
the instrument will be notified according to the setting in “Calib. time exceeded” in the error 
configuration.
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3.3.3 Cal. set temperature

l Temp.offset
You can enter directly Temp. offset value here.
Input the temperature-corrected offset value based on the next equation.
 Y= A-(B-C)
  where Y= Temp.offset 
   A= actual value 
   B= displayed temperature value 
   C=current temperature offset
 Note  • Check A(actual value) on other devices.
    • B is a value displayed on FLXA402 process.
    • C (current temperature offset) is confirmed on Temp. offset screen.

NOTE
Use this function when a calibration is invalid.
You don’t need to input directly Temp. offset when temp. offset is revised by calibration.
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3.4 Wellness settings
This screen is used to set items relating to sensor diagnostics displayed on the Sensor wellness.
Gauges are displayed for only parameters that have been enabled in “Sensor diag. 
settings.”Parameters set to Disable are provided with a bar display.

Figure 3.2 Sensor wellness

The setting parameters include “Progress Time”, “Heat cycle”.
Set as follows:
 Progress time: “Progress time”, and “BAD Limit”.
 Heat cycle: “Heat cycle temperature”, “Heat cycle time”, “BAD Limit”.

3.4.1 Define SENCOM status

 
Figure 3.3 SENCOM sensor status

The parameters are “Sterilized temp.”, “Sterilized time”, “High temp.1”, “High temp.2”. For details 
see 2.1 Details



Blank Page
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4. Calibration of ISC (Inductive Conductivity)
Conduct calibration first when the instrument is installed at the measurement site or when the 
instrument is moved to another site. You don’t need to repeat the calibration periodically once 
you implement it when you start up the instrument. However, when you see cells contaminated or 
worn out (inclined to happen during wash), you must carry out the calibration.

Figure 4.1 Calibration ISC

Select an item to calibrate, but favorite calibration for ISC is not available. 
On Home/Main screen tapping   swiches to calibration select screen.
If you carry out air calibration, you must do it first.
The ISC calibration with solutions consists of Manual calibration, Automatic calibration, and 
Sample Cal.

Calibration is carried out by measuring a solution which has known conductivity and adjusting the 
instrument to show the correct conductivity value.

● “Cell constant (manual)”, “Cell constant (automatic)
A calibration solution can be prepared in the laboratory. A salt solution is prepared with a 
known precise concentration. The temperature is stabilized to the reference temperature of the 
instrument (usually 25°C). The actual conductivity of the solution is taken from literature data. The 
typical calibration solutions include NaCl and KCl; see Appendix 3. To calibrate the instrument, 
the sensor is removed from a process and suspended in the solution, the conductivity value from 
the literature data is then entered and the calibration routine completed.
Make sure the sensor does not touch the sides of the container. (Figure 4.2)

● “Sample calibration”
This calibration uses a process solution. In this method, the conductivity of the process solution 
under measurement is measured with a standard instrument. In this case, care must be taken to 
make the measurement at the reference temperature since differences in the type of temperature 
compensation of the instruments may cause an error. With this method, it is not necessary to 
remove the sensor from the process. Because the sensor is immersed in the process, errors 
caused by the installation characteristics are compensated for.

NOTE
The standard instrument to be used in calibration with a process solution should always be 
accurate. Yokogawa recommends that the Model SC72 pocket conductivity meter be used for 
this purpose.
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While sample is being taken for Sample calibration, the calibration 
can be monitored to see wheher the calibration becomes stable.

Figure 4.2 Sample of Calibration trend

If FLXA402 detects any sensor fault such as damage on temperature electrode, no calibration is 
implemented.
Where temperature compensation 1 (SC1) and temperature compensation 2 (SC2) are 
configured, the configured temperature compensation is effective even during calibration.
Therefore, the reading is the value converted to a conductivity value at the reference temperature 
set in Temperature settings.
There are temperature compensation 1 (SC1) and temperature compensation 2 (SC2), but this 
does not mean that calibration is required twice. It means that either SC1 or SC2 temperature 
compensation should be selected and calibration should be made once to obtain the cell 
constant. The cell constant after calibration can be checked on the Detail screen.

NOTE
When a sensor is replaced, sensor wellness data should be reset.
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l Cell constant
The center value of the cell constant of the ISC40 sensor is 1.88 cm-1. The nominal cell constants 
of individual sensors are indicated on the cable markers and the actual installation can change 
this factor. If there is less than 30 mm spacing between a sensor and holder, in-situ calibration is 
necessary to meet the specified accuracies.

• If the sensor is installed in the stainless steel standard holder ISC40FFJ-S, the cell constant 
is reduced by approximately 7%; enter a value 7% smaller than the value on the marker of 
the sensor cable.

• If the sensor is installed in the polypropylene standard holder ISC40FFJ-P, the cell constant 
is increased by approximately 1%; enter a value 1% greater than the value on the sensor 
cable marker.

• If the sensor is installed in piping that is long in the axial direction with the cross section 
as shown in Figure 11.3, the cell constant of the sensor installed in the piping (reference 
data for a design center value of 1.88 cm-1) is as shown in Figure 11.3. A value obtained by 
multiplying the value on the sensor cable marker and a value read from Figure 11.3 should 
be entered.

X= 30 mm (Min.)

XX

X

Figure 4.3 Sensor in calibration solution
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Figure 4.4 Relationship between the distance from the sensor to side wall and the cell constant
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4.1 Cell constant (manual)
The intention of this calibration routine is to fine-tune a sensor for which only the nominal cell 
constant is known, or to recalibrate a sensor that has been changed (or damaged) during 
operation. 
Choose the 1st or 2nd temperature compensation to suit the calibration solution used. The 
solution with an appropriate precision should be prepared or purchased. Allow the sensor to 
reach stable readings for both temperature and conductivity before adjusting to the value of the 
corresponding calibration solution.
Calibration here is performed by measuring a solution with known conductivity at the set 
reference temperature. The calibration solution of an accurate concentration should be prepared 
by dissolving a certain amount of solute in water. Allow the conductivity to become stable at the 
set reference temperature (initial setting of 25°C) of the instrument and obtain the conductivity 
from literature data.
To input the cell constant, go to Sensor menu > setting > Configure sensor > c.c.(factory)

4.2 Cell constant (automatic)
This routine is built around the test method described in International Recommendation No. 
56 of OIML (Organisation Internationale de Metrologie Legale). It allows the direct use of the 
solutions prescribed in the test method, automatically selecting the appropriate temperature 
compensation. The look-up table is used to find an appropriate conductivity reading for the 
measured temperature. See Appendix table 4 for OIML solutions.
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4.3 Air calibration
Execute air calibration first, if needed.
With the clean dry cell in open air, the reading should be zero. The air cal compensates for 
excess cable capacitance, and gives a better accuracy at low readings. This should be done 
when a sensor is installed or replaced. After some time in service, a dirty sensor may well show 
a high zero offset because of fouling. Clean the sensor and try again. Moreover, air calibration 
should be made in an environment free of electromagnetic interference.
Wait for the sensor to dry because air cal must be made with no current flow in the sensor, that is, 
the sensor must be dried while being exposed to air.

NOTE
The temperature compensation should be set to NaCl when confirming zero during air 
calibration.

NOTE
The temperature compensation is not performed around zero. In this case, a warning may be 
issued.

Not being wet, the sensor measures the conductivity of air, which is close to zero. Because 
zero conductivity is out of the range for temperature compensation (this range is based on the 
temperature and conductivity of solutions and is preset to 0.033 μS/cm at 20°C), a warning may 
be issued. This is not a device error.
The conductivity of air is zero and it does not have a temperature coefficient. Execute zero 
calibration regardless of the warning.

4.4 Sample
With the sensor in situ, a sample can be taken for laboratory analysis. Sample calibration records 
the time and reading, and holds these in memory until the analysis has been completed. The 
laboratory data can then be entered regardless of the current process value, without the need for 
calculations.
When sample calibration is made with temperature compensation activated, the types of 
temperature compensation for laboratory analysis equipment should be matched. Use of a 
different type of temperature compensation between equipment causes an error. The standard 
conductivity meter to be used should always be based on the accurate and same temperature 
compensation calculation method. Yokogawa recommends that the Model SC72 pocket 
conductivity meter be used for this purpose.
Press [Take Sample] to record a collected sample value in memory. Re-enter the Sample Cal. 
screen and press [Start calibration] to perform a sample calibration. This updates the recorded 
data.

NOTE
When a sensor or an electrode is replaced, sensor wellness data should be reset. If you change 
c.c. (calibration) after taking a sample value, don’t renew the calibration data with the sample 
value. Take new sample again to carry out another sample calibration.
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4.5 Temperature coefficient
Simply input the solution conductivity at the reference temperature (TR) after allowing the sensor 
to stabilize at elevated temperatures. The FLXA402 calculates the temperature coefficient. The 
ideal temperature for this calibration is the normal process value (TP). This calibration is enabled 
if the Temperature Compensation is set to “TC.” (Section).

NOTE
To carry out a calibration, maintain the temperature gap of more than 2.0°C between the 
reference temperature and the temperature of calibration solution. If the gap is smaller than 
2.0°C, the calibration fails.

4.6 Temperature calibration
In order to make the most accurate measurements, it is important to have a precise temperature 
measurement. This affects the display of temperature, and the output signal (when used). More 
important, however, is the temperature compensation, and calibration accuracy. The temperature 
of the sensor system should be measured independently with a high precision thermometer.
The value of “Measured temperature” should then be adjusted to agree with the reading (zero 
offset calibration only). For best accuracy, this should be done as near to the normal operating 
temperature as possible.
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Appendix  For ISC (Inductive Conductivity)
n Temperature compensation

The conductivity of a solution is very dependent on temperature. Typically for every 1°C 
change in temperature the solution conductivity will change by approximately 2%. The effect of 
temperature varies from one solution to another and is determined by several factors like solution 
composition, concentration and temperature range. A coefficient (α) is introduced to express the 
amount of temperature influence in % change in conductivity/°C. In almost all applications this 
temperature influence must be compensated before the conductivity reading can be interpreted 
as an accurate measure of concentration or purity.

l NaCl (standard temperature compensation)
The FLXA402 has the default temperature compensation function based on a sodium chloride 
(NaCl) solution. This function can be used for various applications and is compatible with the 
NaCl compensation function of typical laboratory or portable instruments.

Table 1 NaCl compensation according to IEC 60746-3 with Tref. = 25°C
Temperature 

(°C) Ratio* Temperature compensa-
tion coefficient (%/°C)

Temperature 
(°C) Ratio* Temperature compensa-

tion coefficient (%/°C)
0 0.54 1.8 100 2.68 2.2
10 0.72 1.9 110 2.90 2.2
20 0.90 2.0 120 3.12 2.2
25 1.00 — 130 3.34 2.2
30 1.10 2.0 140 3.56 2.2
40 1.31 2.0 150 3.79 2.2
50 1.53 2.1 160 4.03 2.2
60 1.76 2.2 170 4.23 2.2
70 1.99 2.2 180 4.42 2.2
80 2.22 2.2 190 4.61 2.2
90 2.45 2.2 200 4.78 2.2

*: The ratio of the conductivity at respective temperatures to the conductivity at the reference temperature.

l Temperature compensation coefficient (TC)
Set the temperature compensation coefficient based on the degree of influence of temperature 
on the conductivity (%/°C).
If the temperature compensation coefficient of the sample solution is known from laboratory 
experiments or has been previously determined, enter the value.
The setting range is between 0.00 and 10.0%. By combining with the reference temperature 
setting, a linear compensation function can be obtained. This is applicable to all kinds of chemical 
solution.

<Configure calculated temperature coefficient (TC).>
Follow routing
Configure sensor >> Measure setting  >> SC1 sel./comp.or SC2 sel./comp. >> Cond.(TC)
Enter the temperature coefficient calculated from the following formula: 
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A. Calculation of temperature coefficient factor (With known conductivity at reference 
temperature).

 

Kt - Kref
α =

T - Tref

100
K ref

X

α = Temperature compensation factor in %/°C
T = Measured temperature in °C
Kt = Conductivity at T
Tref = Reference temperature
Kref = Conductivity at Tref

B. Calculation of temperature coefficient factor (with two known conductivity values at 
different temperatures)

 Measure the conductivity of the liquid at two temperatures, one below the reference and 
above the reference temperature with the temperature coefficient set to 0,00%/°C and use 
the following equation to calculate a temperature coefficient (α).

 

KTK ref= 1+α ( T - Tref)

K2 - K1α = K1( T2 - Tref) - K2( T1 - Tref)

K1 K2K ref=   =
1+α ( T1 - Tref) 1+α ( T2 - Tref)

K1 (1 + α ( T2 - Tref )) = K2 (1 + α ( T1 - Tref ))

K1 · α ( T2 - Tref ) - K2 · α ( T1 - Tref ) = K2 - K1

Where T1, T2: liquid temperature (°C)
  K1: conductivity at T1 (°C)
  K2: conductivity at T2 (°C)

 ( )

(

(

 Figure 1 Conductivity
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<Calculation example>
 Calculate the temperature coefficient of a liquid from the following data. 
 Conductivity 124.5 µS/cm at a liquid temperature of 18.0 °C and a conductivity 147.6 µS/cm 

at a liquid temperature of 31.0 °C. 
 Substituting the data in the above formula gives the following result.

 

147.6 - 124.5
x 100= 1.298 %/°Cα =

124.5x(31.0 - 25) - 147.6x(18.0 - 25)

 Set the temperature coefficient in the FLXA402 converter.

When the temperature coefficient already set is accurate, the conductivity to be displayed 
must be constant regardless of liquid temperature. The following check will make sure that the 
temperature coefficient already set is accurate.
If, when the liquid temperature is lowered, a larger conductivity value is indicated, the 
temperature coefficient already set is too small.
The opposite also applies. If a smaller conductivity value is indicated, the temperature coefficient 
already set is too large. In either case, change the temperature coefficient so that the conductivity 
no longer changes.
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l Matrix
Matrix means temperature compensation with the temperature compensation matrix.
The temperature compensation matrix is a table of conductivity values at different temperatures 
and concentrations.
Ready-made matrixes and user-defined matrixes are available.

<Ready-made matrixes>
Ready-made temperature compensation matrixes are available for common inorganic acids and 
bases.

Table 2 Ready-made temperature compensation matrixes

Select matrix Compound to 
be measured Concentration Temperature Details

NaOH 1..5% NaOH 1 to 5 w/w% 0 to 100 ºC Table A
NaOH 1..5% NaOH 0 to 15 w/w% 0 to 100 ºC Table B
NaOH 25..50% NaOH 25 to 50 w/w% 0 to 80 ºC Table C
H2SO4 1..5% H2SO4 0.5 to 5.0 w/w% -1.1 to 98.9 ºC Table D
H2SO4 0..27% H2SO4 0 to 27 w/w% -1.1 to 98.9 ºC Table E
H2SO4 39..85% H2SO4 39 to 85 w/w% -17.8 to 115.6 ºC Table F
HCl 0..5% HCI 0.37 to 5.5 w/v% 0 to 65 ºC Table G
HCl 0..18% HCI 0 to 18.2 w/v% -10 to 65 ºC Table H
HCl 24..44% HCI 23.7 to 43.8 w/v% -20 to 65 ºC Table I
HNO3 1..5% HNO3 1 to 5 w/w% 0 to 80 ºC Table J
HNO3 0..25% HNO3 0 to 24.8 w/w% 0 to 80 ºC Table K
HNO3 33..89% HNO3 33.08 to 88.54 w/w% -20 to 60 ºC Table L

The ready-made temperature compensation matrixes are listed in Table A to L where 
temperatures are in the column and concentrations are in the rows.

Table A NaOH 1..5% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

1.0 % 1.5 % 2.0 % 2.5 % 3.0 % 3.3 % 3.7 % 4.0 % 4.5 % 5.0 %
Tmin. 0 ̊ C 0.0350 0.0486 0.0622 0.0746 0.0870 0.0956 0.1044 0.1130 0.1230 0.1330 

2. 10 ̊ C 0.0420 0.0594 0.0768 0.0929 0.1090 0.1192 0.1298 0.1400 0.1535 0.1670 
3. 20 ̊ C 0.0487 0.0706 0.0925 0.1113 0.1302 0.1435 0.1573 0.1707 0.1874 0.2040 
4. 30 ̊ C 0.0560 0.0810 0.1060 0.1295 0.1530 0.1685 0.1845 0.2000 0.2210 0.2420 
5. 40 ̊ C 0.0630 0.0930 0.1230 0.1510 0.1790 0.1968 0.2152 0.2330 0.2570 0.2810 
6. 50 ̊ C 0.0700 0.1039 0.1378 0.1694 0.2010 0.2221 0.2439 0.2650 0.2925 0.3200 
7. 63 ̊ C 0.0840 0.1219 0.1598 0.1931 0.2264 0.2518 0.2781 0.3036 0.3334 0.3631 
8. 75 ̊ C 0.0961 0.1382 0.1802 0.2172 0.2541 0.2830 0.3128 0.3417 0.3750 0.4083 
9. 88 ̊ C 0.1090 0.1550 0.2010 0.2410 0.2811 0.3131 0.3461 0.3781 0.4147 0.4513 

Tmax. 100 ̊ C 0.1190 0.1690 0.2190 0.2670 0.3150 0.3454 0.3766 0.4070 0.4510 0.4950 
Tref. 25.0 ̊ C 0.0520 0.0766 0.1013 0.1216 0.1420 0.1555 0.1695 0.1830 0.2025 0.2220 
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Table B NaOH 0..15%(Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0 % 1 % 3 % 4 % 5 % 6 % 8 % 10 % 12 % 15 %
Tmin. 0 ºC 0 0.035 0.087 0.113 0.133 0.150 0.176 0.195 0.206 0.215 

2. 10 ºC 0 0.042 0.109 0.140 0.167 0.190 0.226 0.255 0.274 0.293 
3. 18 ºC 0 0.047 0.125 0.163 0.195 0.221 0.267 0.303 0.327 0.345 
4. 25 ºC 0 0.052 0.142 0.183 0.222 0.256 0.313 0.355 0.381 0.410 
5. 30 ºC 0 0.056 0.153 0.200 0.242 0.278 0.338 0.389 0.424 0.467 
6. 40 ºC 0 0.063 0.179 0.233 0.281 0.323 0.396 0.458 0.502 0.551 
7. 50 ºC 0 0.070 0.201 0.265 0.320 0.368 0.454 0.527 0.580 0.645 
8. 60 ºC 0 0.080 0.223 0.293 0.355 0.410 0.507 0.592 0.658 0.742 
9. 80 ºC 0 0.100 0.270 0.350 0.425 0.493 0.612 0.721 0.814 0.936 

Tmax. 100 ºC 0 0.119 0.315 0.407 0.495 0.574 0.717 0.850 0.967 1.130 
Tref. 25.0 ºC 0 0.052 0.142 0.183 0.222 0.256 0.313 0.355 0.381 0.410 

Table C NaOH 25..50% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

25 % 28 % 30 % 32 % 35 % 38 % 40 % 42 % 45 % 50 %
Tmin. 0 ºC 0.140 0.100 0.075 0.060 0.040 0.024 0.017 0.012 0.010 0.007 

2. 10 ºC 0.212 0.174 0.148 0.124 0.094 0.074 0.063 0.053 0.038 0.025 
3. 18 ºC 0.270 0.232 0.207 0.184 0.153 0.131 0.120 0.105 0.090 0.078 
4. 25 ºC 0.352 0.313 0.289 0.266 0.233 0.207 0.194 0.180 0.162 0.146 
5. 30 ºC 0.411 0.372 0.347 0.323 0.291 0.264 0.248 0.233 0.214 0.195 
6. 40 ºC 0.528 0.489 0.463 0.440 0.405 0.373 0.354 0.337 0.317 0.293 
7. 50 ºC 0.645 0.605 0.580 0.556 0.520 0.482 0.460 0.441 0.420 0.390 
8. 60 ºC 0.796 0.766 0.746 0.724 0.694 0.660 0.639 0.623 0.604 0.570 
9. 75 ºC 1.023 1.007 0.995 0.980 0.955 0.925 0.908 0.893 0.873 0.839 

Tmax. 80 ºC 1.098 1.086 1.078 1.066 1.042 1.015 0.997 0.982 0.963 0.929 
Tref. 25.0 ºC 0.352 0.313 0.289 0.266 0.233 0.207 0.194 0.180 0.162 0.146 

Table D H2SO4 1..5% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0.5 % 1.0 % 1.5 % 2.0 % 2.5 % 3.0 % 3.5 % 4.0% 4.5 % 5.0 %
Tmin. -1.1 ºC 0.0137 0.0304 0.0467 0.0627 0.0780 0.0930 0.1079 0.1224 0.1364 0.1496 

2. 10.0 ºC 0.0192 0.0385 0.0574 0.0760 0.0943 0.1126 0.1304 0.1480 0.1651 0.1818 
3. 21.1 ºC 0.0224 0.0446 0.0664 0.0880 0.1093 0.1305 0.1512 0.1715 0.1912 0.2102 
4. 32.2 ºC 0.0250 0.0498 0.0742 0.0983 0.1222 0.1458 0.1690 0.1917 0.2138 0.2351 
5. 43.3 ºC 0.0273 0.0543 0.0808 0.1070 0.1331 0.1590 0.1845 0.2095 0.2337 0.2574 
6. 54.4 ºC 0.0288 0.0580 0.0864 0.1147 0.1428 0.1706 0.1981 0.2247 0.2507 0.2763 
7. 60.0 ºC 0.0295 0.0596 0.0891 0.1182 0.1470 0.1758 0.2040 0.2317 0.2587 0.2853 
8. 71.1 ºC 0.0308 0.0622 0.0932 0.1243 0.1550 0.1855 0.2155 0.2444 0.2727 0.3007 
9. 87.8 ºC 0.0327 0.0658 0.0993 0.1322 0.1650 0.1977 0.2297 0.2612 0.2917 0.3217 

Tmax. 98.9 ºC 0.0340 0.0682 0.1027 0.1372 0.1713 0.2050 0.2380 0.2708 0.3028 0.3335 
Tref. 25.0 ºC 0.0230 0.0457 0.0689 0.0907 0.1127 0.1352 0.1565 0.1777 0.2005 0.2220 
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Table E H2SO4 0..27% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0 % 5 % 8 % 12 % 14 % 17 % 20 % 22 % 24 % 27 %
Tmin. -1.1 ºC 0 0.1496 0.2330 0.3275 0.3695 0.4225 0.4640 0.4850 0.5005 0.5140

2. 10.0 ºC 0 0.1818 0.2845 0.4030 0.4535 0.5210 0.5725 0.5980 0.6160 0.6340
3. 21.1 ºC 0 0.2102 0.3330 0.4740 0.5335 0.6145 0.6805 0.7140 0.7385 0.7625
4. 32.2 ºC 0 0.2351 0.3740 0.5360 0.6070 0.7030 0.7810 0.8225 0.8540 0.8860
5. 43.3 ºC 0 0.2574 0.4130 0.5945 0.6735 0.7835 0.8755 0.9250 0.9635 1.0045
6. 54.4 ºC 0 0.2763 0.4450 0.6455 0.7315 0.8535 0.9600 1.0185 1.0660 1.1180
7. 60.0 ºC 0 0.2853 0.4600 0.6670 0.7570 0.8860 0.9980 1.0600 1.1110 1.1695
8. 71.1 ºC 0 0.3007 0.4860 0.7070 0.8060 0.9470 1.0710 1.1395 1.1970 1.2640
9. 87.8 ºC 0 0.3217 0.5210 0.7605 0.8665 1.0245 1.1630 1.2420 1.3100 1.3940

Tmax. 98.9 ºC 0 0.3335 0.5420 0.7885 0.9025 1.0645 1.2155 1.3020 1.3760 1.4690
Tref. 25.0 ºC 0 0.2220 0.3469 0.4985 0.5657 0.6479 0.7167 0.7490 0.7780 0.8073

Table F H2SO4 39..85% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

39 % 44 % 50 % 55 % 60 % 65 % 70 % 75 % 80 % 85 %
Tmin. -17.8 ºC 0.2775 0.2500 0.2125 0.1770 0.1385 0.1020 0.0710 0.0435 0.0140 0.0100

2. 4.4 ºC 0.5225 0.4695 0.4000 0.3390 0.2750 0.2105 0.1500 0.0990 0.0655 0.0610
3. 21.1 ºC 0.7220 0.6590 0.5700 0.4850 0.3950 0.3085 0.2315 0.1650 0.1200 0.1100
4. 32.2 ºC 0.8600 0.7895 0.6870 0.5915 0.4870 0.3850 0.2950 0.2190 0.1655 0.1530
5. 43.3 ºC 0.9925 0.9190 0.8080 0.7000 0.5830 0.4670 0.3640 0.2785 0.2190 0.2040
6. 54.4 ºC 1.1250 1.0510 0.9305 0.8080 0.6770 0.5505 0.4400 0.3475 0.2825 0.2620
7. 65.6 ºC 1.2490 1.1755 1.0530 0.9230 0.7810 0.6430 0.5220 0.4210 0.3495 0.3255
8. 82.2 ºC 1.4335 1.3670 1.2370 1.0950 0.9390 0.7900 0.6570 0.5430 0.4620 0.4315
9. 98.9 ºC 1.5945 1.5400 1.4145 1.2680 1.1000 0.9370 0.7960 0.6750 0.5880 0.5450

Tmax. 115.6 ºC 1.7350 1.6915 1.5660 1.4250 1.2600 1.0910 0.9345 0.8110 0.7190 0.6630
Tref. 25.0 ºC 0.7719 0.7057 0.6111 0.5232 0.4301 0.3346 0.2535 0.1823 0.1334 0.1238

Table G HCl 0..5 % (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0.37 % 1.0 % 1.8 % 2.5 % 3.0 % 3.3 % 3.7 % 4.2 % 5.0 % 5.5 %
Tmin. 0 ºC 0.02444 0.06331 0.1144 0.1495 0.1760 0.1913 0.2117 0.2350 0.2709 0.2943 

2. 5 ºC 0.02750 0.07131 0.1274 0.1681 0.1979 0.2151 0.2352 0.2641 0.3042 0.3254 
3. 10 ºC 0.03045 0.07876 0.1415 0.1857 0.2185 0.2376 0.2616 0.2917 0.3358 0.3623 
4. 15 ºC 0.03333 0.08597 0.1541 0.2029 0.2387 0.2595 0.2839 0.3185 0.3667 0.3923 
5. 25 ºC 0.03911 0.1009 0.1804 0.2377 0.2796 0.3039 0.3322 0.3728 0.4292 0.4587 
6. 35 ºC 0.04468 0.1153 0.2060 0.2715 0.3194 0.3472 0.3794 0.4259 0.4903 0.5241 
7. 45 ºC 0.05011 0.1291 0.2306 0.3039 0.3576 0.3887 0.4248 0.4770 0.5493 0.5873 
8. 50 ºC 0.05269 0.1351 0.2412 0.3187 0.3750 0.4076 0.4453 0.5003 0.5760 0.6162 
9. 55 ºC 0.05528 0.1421 0.2540 0.3348 0.3940 0.4283 0.4681 0.5258 0.6056 0.6476 

Tmax. 65 ºC 0.06028 0.1545 0.2762 0.3641 0.4285 0.4659 0.5093 0.5721 0.6592 0.7049 
Tref. 25.0 ºC 0.03911 0.1009 0.1804 0.2377 0.2796 0.3039 0.3322 0.3728 0.4292 0.4587 
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Table H HCl 0..18% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0 % 3.65 % 5.48 % 7.30 % 9.12 % 11.0 % 12.8 % 14.6 % 16.4 % 18.2 %
Tmin. -10 ºC 0 0.1588 0.2215 0.2760 0.3293 0.3624 0.3896 0.4108 0.4270 0.4390 

2. 0 ºC 0 0.2117 0.2943 0.3640 0.4213 0.4638 0.4886 0.5168 0.5378 0.5515 
3. 10 ºC 0 0.2616 0.3623 0.4454 0.5128 0.5655 0.6027 0.6324 0.6543 0.6675 
4. 15 ºC 0 0.2839 0.3923 0.4814 0.5535 0.6102 0.6528 0.6860 0.7083 0.7220 
5. 20 ºC 0 0.3122 0.4313 0.5258 0.5995 0.6579 0.7056 0.7424 0.7677 0.7830 
6. 25 ºC 0 0.3322 0.4587 0.5628 0.6473 0.7128 0.7641 0.8000 0.8240 0.8370 
7. 30 ºC 0 0.3590 0.4967 0.6066 0.6925 0.7599 0.8152 0.8568 0.8847 0.9010 
8. 45 ºC 0 0.4248 0.5873 0.7212 0.8300 0.9144 0.9779 1.026 1.058 1.077 
9. 55 ºC 0 0.4681 0.6476 0.7960 0.9168 1.011 1.080 1.134 1.171 1.192 

Tmax. 65 ºC 0 0.5093 0.7049 0.8672 1.000 1.104 1.180 1.240 1.281 1.305 
Tref. 25.0 ºC 0 0.3322 0.4587 0.5628 0.6473 0.7128 0.7641 0.8000 0.8240 0.8370 

Table I HCl 24..44% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

23.7 % 25.5 % 29.2 % 31.0 % 32.8 % 34.6 % 36.5 % 38.3 % 40.1 % 43.8 %
Tmin. -20 ºC 0.3540 0.3510 0.3420 0.3350 0.3280 0.3190 0.3120 0.3030 0.2950 0.2770 

2. 0 ºC 0.5600 0.5550 0.5370 0.5240 0.5110 0.4970 0.4820 0.4670 0.4520 0.4240 
3. 10 ºC 0.6695 0.6610 0.6350 0.6200 0.6040 0.5870 0.5700 0.5530 0.5370 0.5040 
4. 15 ºC 0.7215 0.7119 0.6850 0.6690 0.6530 0.6350 0.6160 0.5970 0.5790 0.5400 
5. 20 ºC 0.7826 0.7714 0.7390 0.7200 0.7000 0.6790 0.6580 0.6370 0.6170 0.5760 
6. 25 ºC 0.8301 0.8183 0.7860 0.7680 0.7480 0.7280 0.7070 0.6860 0.6620 0.6220 
7. 30 ºC 0.8983 0.8848 0.8488 0.8270 0.8050 0.7820 0.7590 0.7360 0.7140 0.6670 
8. 45 ºC 1.071 1.056 1.014 0.9894 0.9639 0.9380 0.9110 0.8830 0.8550 0.7960 
9. 55 ºC 1.188 1.170 1.123 1.095 1.065 1.034 1.010 0.9830 0.9530 0.8880 

Tmax. 65 ºC 1.303 1.285 1.233 1.203 1.171 1.137 1.120 1.090 1.060 0.9830 
Tref. 25.0 ºC 0.8301 0.8183 0.7860 0.7680 0.7480 0.7280 0.7070 0.6860 0.6620 0.6220 

Table J HNO3 1..5% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

1.0 % 1.5 % 2.0 % 2.5 % 3.0 % 3.3 % 3.7 % 4.0 % 4.5 % 5.0 %
Tmin. 0 ºC 0.0395 0.0578 0.0761 0.0948 0.1134 0.1246 0.1360 0.1472 0.1634 0.1795 

2. 10 ºC 0.0485 0.0704 0.0923 0.1149 0.1374 0.1510 0.1650 0.1786 0.1987 0.2188 
3. 15 ºC 0.0529 0.0767 0.1004 0.1249 0.1494 0.1642 0.1795 0.1943 0.2163 0.2384 
4. 20 ºC 0.0574 0.0830 0.1085 0.1350 0.1614 0.1774 0.1940 0.2100 0.2340 0.2580 
5. 30 ºC 0.0694 0.0989 0.1283 0.1583 0.1882 0.2061 0.2246 0.2425 0.2683 0.2940 
6. 40 ºC 0.0814 0.1148 0.1481 0.1816 0.2150 0.2348 0.2552 0.2750 0.3025 0.3300 
7. 50 ºC 0.0907 0.1276 0.1645 0.2010 0.2375 0.2591 0.2814 0.3030 0.3333 0.3635 
8. 60 ºC 0.0999 0.1404 0.1808 0.2204 0.2600 0.2834 0.3076 0.3310 0.3640 0.3970 
9. 70 ºC 0.1139 0.1564 0.1989 0.2392 0.2795 0.3036 0.3284 0.3525 0.3875 0.4225 

Tmax. 80 ºC 0.1278 0.1724 0.2170 0.2580 0.2990 0.3238 0.3493 0.3740 0.4110 0.4480 
Tref. 25.0 ºC 0.0634 0.0909 0.1184 0.1466 0.1748 0.1918 0.2093 0.2263 0.2511 0.2760 



  <Appendix 1  For ISC (Inductive Conductivity)> App.1-8

IM 12A01F04-01EN 2nd Edition : July 01, 2019-00

Table K HNO3 0..25% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

0 % 3.12 % 6.20 % 9.30 % 12.40 % 15.32 % 17.72 % 20.11 % 22.46 % 24.80 %
Tmin. 0 ºC 0 0.1140 0.2259 0.3120 0.3980 0.4472 0.4854 0.5236 0.5498 0.5760 

2. 18 ºC 0 0.1606 0.3178 0.4345 0.5512 0.6062 0.6559 0.7055 0.7368 0.7680 
3. 20 ºC 0 0.1650 0.3215 0.4395 0.5575 0.6236 0.6742 0.7248 0.7568 0.7887 
4. 25 ºC 0 0.1780 0.3490 0.4760 0.6030 0.6655 0.7186 0.7717 0.8119 0.8520 
5. 30 ºC 0 0.1900 0.3665 0.5002 0.6339 0.7065 0.7619 0.8172 0.8555 0.8938 
6. 40 ºC 0 0.2110 0.4095 0.5588 0.7081 0.7860 0.8451 0.9042 0.9511 0.9980 
7. 50 ºC 0 0.2600 0.4507 0.6154 0.7801 0.8620 0.9239 0.9857 1.044 1.102 
8. 60 ºC 0 0.3100 0.4899 0.6699 0.8498 0.9345 0.9982 1.062 1.133 1.205 
9. 70 ºC 0 0.3330 0.5273 0.7223 0.9173 1.004 1.068 1.132 1.219 1.306 

Tmax. 80 ºC 0 0.3560 0.5660 0.7770 0.9826 1.069 1.133 1.198 1.302 1.407 
Tref. 25.0 ºC 0 0.1780 0.3490 0.4760 0.6030 0.6655 0.7186 0.7717 0.8119 0.8520 

Table L HNO3 33..89% (Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

Solut.
Max.

33.08 % 40.00 % 45.08 % 48.42 % 54.97 % 60.03 % 70.11 % 80.11 % 84.39 % 88.54 %
Tmin. -20 ºC 0.3680 0.3392 0.3118 0.2903 0.2491 0.2186 0.1716 0.1058 0.06856 0.04268 

2. -10 ºC 0.4689 0.4381 0.4004 0.3783 0.3293 0.2937 0.2289 0.1368 0.08762 0.05384 
3. 0 ºC 0.5808 0.5499 0.5141 0.4848 0.4255 0.3830 0.2913 0.1693 0.1072 0.06510 
4. 10 ºC 0.6939 0.6625 0.6176 0.5842 0.5222 0.4704 0.3551 0.1997 0.1259 0.07565 
5. 20 ºC 0.8053 0.7666 0.7225 0.6874 0.6118 0.5534 0.4148 0.2267 0.1414 0.08338 
6. 25 ºC 0.8590 0.8193 0.7747 0.7390 0.6585 0.5966 0.4429 0.2392 0.1488 0.08799 
7. 30 ºC 0.9148 0.8765 0.8269 0.7907 0.7080 0.6411 0.4781 0.2513 0.1552 0.09130 
8. 40 ºC 1.021 0.9781 0.9327 0.8941 0.8059 0.7277 0.5226 0.2718 0.1664 0.09664 
9. 50 ºC 1.116 1.087 1.037 0.9937 0.8949 0.8035 0.5658 0.2875 0.1742 0.09992 

Tmax. 60 ºC 1.222 1.195 1.147 1.100 0.9950 0.8923 0.6160 0.3042 0.1819 0.1034 
Tref. 25.0 ºC 0.8590 0.8193 0.7747 0.7390 0.6585 0.5966 0.4429 0.2392 0.1488 0.08799 
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<User-defined matrixes>
The user-defined temperature compensation matrix is defined by users. Enter values as shown 
in Table 3. 

Table 3 Example of user-defined matrix (Reference temperature (Tref.): 25.0 ̊ C, Conductivity unit: S/cm)
Solutions

(Conc.)
Temp.ranges

Solut.
Min.

Solut.
Max.

Solu-
tion 2

Solu-
tion 3

Solu-
tion 4

Solu-
tion 5

Solu-
tion 6

Solu-
tion 7

Solu-
tion 8

Solu-
tion 9

0 % 15 % 1 % 3 % 4 % 5 % 6 % 8 % 10 % 12 %
Tref. (25.0 ̊ C) 0.013 0.410 0.052 0.142 0.183 0.222 0.256 0.313 0.355 0.381
Tmin. 0 ̊ C 0.009 0.215 0.035 0.087 0.113 0.133 0.150 0.176 0.195 0.206
Tmax. 100 ̊ C 0.025 1.13 0.119 0.315 0.407 0.495 0.574 0.717 0.850 0.967

2. 10 ̊ C 0.010 0.293 0.042 0.109 0.140 0.167 0.190 0.226 0.255 0.274
3. 18 ̊ C 0.012 0.357 0.047 0.125 0.163 0.195 0.221 0.267 0.303 0.327
4. 25 ̊ C 0.013 0.410 0.052 0.142 0.183 0.222 0.256 0.313 0.355 0.381
5. 30 ̊ C 0.014 0.468 0.056 0.153 0.200 0.242 0.278 0.338 0.389 0.424
6. 40 ̊ C 0.015 0.551 0.063 0.179 0.233 0.281 0.323 0.396 0.458 0.502
7. 50 ̊ C 0.017 0.645 0.070 0.201 0.265 0.320 0.368 0.454 0.527 0.580
8. 60 ̊ C 0.018 0.742 0.080 0.223 0.293 0.355 0.410 0.507 0.592 0.658
9. 80 ̊ C 0.021 0.936 0.100 0.270 0.350 0.425 0.493 0.612 0.721 0.814

Note: This table is as shown on the screen.

Use Table 3 to set the reference temperature on a user-defined matrix. The default is 25.0 °C.

Input concentration values of each solution on “Solutions”.
The values must be entered in ascending order from “Solut Min.” to “Solut Max.” Solut.Min 
represents the smallest value, and Solut Max. does the largest one.
Both “Solut Min.” and “Solut Max.” must be entered.
Input temperatures for compensation on “Temp. ranges”.
On “Solut Min.”, input conductivity (*) at each temperature when the solution concentration is 
minimum “Solut Min.”.
On “Solut Max.”, input conductivity (*) at each temperature when the solution concentration is 
maximum “Solut Max
If there is any other conductivity at a certain concentration, input the value on “Solution x”.
*: Enter the precompensated conductivity.

After entering all values, check that the matrix shows monotonic increase or decrease, and that 
there is no blank left. If any error is found in the matrix, the data fails to be saved into a parameter 
list.
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n Temperature compensation error
The temperature compensation error (alarm) is issued in any of the following cases.

l TC
The error is issued when:
(measured temperature – reference temperature) < –90/compensation coefficient
The default of the temperature compensation coefficient is 2.10%/°C.
For example, when the reference temperature is 25°C, the temperature compensation coefficient 
is 2.10%/°C and the measured temperature is lower than –17.9°C, the error will be issued.
Temperature compensation is performed even while an alarm is being issued.

l Matrix
The error is issued when the temperature or the precompensated conductivity is out of the range 
of the temperature compensation matrix.
In this case, however, the temperature compensation is performed by extrapolation even while 
an alarm is being issued.

l All
When the conductivity is around zero, the temperature compensation error may be issued. In this 
case, the temperature compensation is not performed, and the precompensated conductivity is 
displayed.
Whether the conductivity is around zero or not is determined by the temperature and conductivity 
of solutions. For example, when the temperature is 20°C and the conductivity is lower than 0.033 
μS/cm, the conductivity is determined to be around zero.
When measuring the conductivity around zero in air calibration or when the conductivity to be 
measured is around zero, an alarm may be issued.

NOTE
To display the precompensated conductivity, go to  
  Measure setting >> Reference temp.>> SC1 sel./comp. or SC2 sel./comp. 

 >> Cond. (Uncomp).

n Calibration solutions for conductivity
The calibration (cell constant) of a sensor does not change unless the sensor is damaged.
It can also appear to change because of coating of the electrodes, or partial blockage. 
It does not make sense to regularly recalibrate the FLXA402.
A calibration check, however, is another matter. When the objective is clearly defined as a 
diagnostic exercise a regular check can bring an extra level of security and confidence to the 
measurement.
Sensor damage, and/or coatings can be difficult to see and the calibration check can confirm 
their presence, by a deviation from the known solution conductivity. The remedial action should 
be to clean the sensor, and carefully check for blockage or damage (not simply to recalibrate).
Higher conductivity solutions should be used where possible. The lower the conductivity of the 
test solution, the easier it is to contaminate. Carbon dioxide from the air can be quickly absorbed 
to cause an error. All containers must be suitably clean, and all materials suitably pure. Outside of 
a well-equipped laboratory these conditions are hard to meet. 
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FLXA402 is programmed with the following table of conductivity of Potassium Chloride (KCl) 
solutions at 25°C. This is used in the Automatic Cell Constant setting calibration feature. 
(See section 11.2) The table is derived from the Standards laid down in “International 
Recommendation No. 56 of the Organisation Internationale de Métrologie Legale”.

Table 4 KCl values at 25 °C
Standard mol/l mg KCl/kg of solution Conductivity

1.000 M KCl 1.0 71135.2 111.31 mS/cm

0.100 M KCl 0.1 7419.13 12.852 mS/cm

0.010 M KCl 0.01 745.263 1.4083 mS/cm

0.005 M KCl 0.005 373.29 0.7182 mS/cm

0.002 M KCl 0.002 149.32 0.2916 mS/cm

0.001 M KCl 0.001 74.66 0.1469 mS/cm

If it is more convenient, the user may make solutions from Sodium Chloride (NaCl or common 
table salt) with the help of the following relationship table. This table is derived from the IEC norm 
60746-3.

Table 5 NaCl values at 25 °C
Weight 

%
mg NaCl/kg Conductivity

0.001 10 21.4 μS/cm
0.003 30 64.0 μS/cm
0.005 50 106 μS/cm
0.01 100 210 μS/cm
0.03 300 617 μS/cm
0.05 500 1.03 mS/cm
0.1 1000 1.99 mS/cm
0.3 3000 5.69 mS/cm
0.5 5000 9.48 mS/cm
1 10000 17.6 mS/cm
3 30000 48.6 mS/cm
5 50000 81.0 mS/cm
10 100000 140 mS/cm
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n Measurement principle
Contrary to contact electrode conductivity, the EXA ISC Series analyses the conductivity with 
out any contact between electrodes and process fluid. The measurement is based on inductive 
coupling of 2 ring trans form ers (Toroids) by the liquid.

V3 V1

N3 N1

drive coilReceive coil

I=V2×G

The converter supplies a reference volt age at a high frequency to the “drive coil”. The core of this 
coil is of a high permeability mag net ic material, and a strong magnetic field is generated in the 
toroid.
The liquid passes through the hole in the toroid and can be considered as a “one turn” secondary 
winding.
The magnetic field will induce a voltage in this secondary winding. The induced cur rent in the 
liquid winding is proportional to this volt age and the conductance of the liquid “one turn winding” 
is according to Ohm’s law.
The conductance (1/R) is proportional to the specific conductivity and a constant factor that 
is determined by the geometry of the sensor (length divided by surface area of the hole in the 
toroid) and the installation of the sensor.
There are 2 toroids mounted in the “dough nut” shaped sensor. The liquid also flows through the 
second toroid and therefore the liquid turn can be considered as a primary wind ing of the second 
ring transformer.
The current in the liquid will create a magnetic field in the second toroid. The induced voltage 
being the result of this magnetic field can be measured as an output.
The output voltage of this “receive coil” is therefore proportional to the specific con ductivity of the 
process liquid.
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